This study was done to evaluate whether perioperative propranolol (ß-blocker) in ovarian cancer patients undergoing debulking surgery reduced perioperative tumor growth induced by surgical stress.
Introduction
Epithelial ovarian cancer is the most lethal gynecological cancer. Treatment is based on initial debulking surgery followed by chemotherapy. Reoperation with secondary tumor resection has become an option for many ovarian cancer patients. Therefore, women with ovarian cancer frequently undergo several surgical procedures throughout the course of their disease.
Epidemiologic and experimental animal studies have shown that stress may alter tumor growth, and surgery is an important contributor of stress. In clinical practice, outgrowth of distant metastasis has been described following surgical removal of primary tumors [1] . This observation has been further supported by several models that have shown increased tumor growth and metastatic spread following surgery [2, 3] .
There are several potential mechanisms for the effects on tumor growth by surgical stress, including shedding of tumor Hye-In Jang, et al. Perioperative propranolol in ovarian cancer cells due to physical manipulation [4, 5] , a drop in the level of antiangiogenic factors [6] , local and systemic release of growth factors or cytokines [7] , and suppression of cell-mediated immunity [8] .
In ovarian cancer, pathways by which stress can directly regulate the growth of ovarian carcinomas in vivo have been demonstrated and adrenergic receptor beta 2 on ovarian carcinoma cells are involved in the pathways [9] . Interestingly, several retrospective cohort studies have examined the impact of beta blockers on long-term cancer outcomes [10, 11] . And we have examined the effects of laparotomy and extraperitoneal surgery on ovarian cancer growth and angiogenesis using orthotopic animal models [12] . The mice in the laparotomy and mastectomy groups had significantly greater tumor weight and nodules compared with anesthesia only controls. Propranolol completely blocked the effects of surgical stress on tumor growth, indicating a critical role for beta-adrenergic receptor signaling in mediating the effects of surgical stress on tumor growth.
The aim of this study was to evaluate if perioperative propranolol in ovarian cancer patients undergoing debulking surgery could reduce perioperative tumor growth induced by surgical stress.
Materials and methods

Study design
This was a prospective randomized single institution analysis of perioperative propranolol use (Fig. 1) . The protocol was approved by a regional institutional review board (2009-08-056), and all patients were required to sign an informed consent form before enrollment. The primary objective was to compare the percentage of perioperative changes in the CA 125 level between the propranolol group and control group (changes between preoperation day 2 and postoperative day 7). The secondary objective was to compare the disease-free survival between the groups.
Patients
Eligible patients were those who were scheduled to undergo debulking surgery for suspected invasive epithelial ovarian cancer/primary peritoneal cancer/or fallopian tube cancer, had pretreatment CA 125 level ≥100 and Eastern Cooperative Oncology Group performance status of 2 or less, and were ≥20 years of age. Patients had to have adequate bone marrow function, renal function, hepatic function, and neurologic function. Patients had to have a pulse ≥60 beats per minute; systolic blood pressure ≥100 mmHg and diastolic blood pressure ≥60 mmHg. We excluded patients who had received prior radiotherapy to any portion of the abdominal cavity or who had received neoadjuvant chemotherapy or targeted therapy. Patients who had significant heart failure (New York Heart Association classification ≥3), severe hyperactive airway disease (e.g., chronic obstructive pulmonary disease or asthma), or severe sinus bradycardia, or who were already on beta-blockers or in whom beta-blockers were contraindicated were also excluded.
Treatment and follow-up
Propranolol was administered as shown in Supplemental Fig. 1 . Patients in the study arm received a low dose of propranolol 40 mg/day (4×10 mg) starting two days before surgery (immediately following the first blood draw) until the evening before the surgery. The first dose was given under supervision. On the morning of the surgery, a single tablet of propranolol 40 mg was administered and then continued twice daily for three days following surgery. Pulse and blood pressure were monitored during the first day of treatment, during the day of the surgery and on the following days. If the pulse decreased to less than 50/min or the systolic blood pressure decreased to under 90 mmHg, the dose was halved. Patients in the control arm were not treated with the study drug. The patients in the treatment arm and control arm did not know which arm they were in.
After surgery, intravenous paclitaxel (175 mg/m 2 ) or docetaxel (75 mg/m 2 ) plus carboplatin (area under the curve 5) combination chemotherapy were given every 3 weeks for 6 to 8 cycles. Following chemotherapy, patients were followed-up every 3 months for the first 2 years, every 6 months for the next 3 years, and every year thereafter. In some cases, magnetic resonance imaging of the pelvis or additional positron emission tomography/computed tomography and computed tomography scans were required.
Assessment
The primary efficacy was measured as the change of CA 125 between pre-operation day 1 and postoperative day 7. The changes were described as 100×(CA 125 level on preoperative day 1-CA 125 level on postoperative day 7)/CA 125 level on preoperative day 1.
For assessment of secondary outcomes, cortisol, C-reactive protein, and questionnaire of stress and anxiety (State-Trait Anxiety Inventory-X1) scores were measured on preoperative day 1 and postoperative day 3. Progression-free survival was measured from the initiation of treatment to the date of the last contact or to the date of the appearance of recurrent disease.
Toxicity was graded using the National Cancer Institute Common Toxicity Criteria ver. 3.0. Each event's relationship to treatment was assessed by the treating physician and documented.
Statistical analysis
The primary hypothesis of this study was that, compared to the control group, perioperative propranolol (treatment group) would provide a much greater reduction of CA 125 (response) during the seven perioperative days. We are planning a study of the continuous response variable using an independent control group and experimental group with 1 control per experimental subject. In the pilot study, the response within each subject group was normally distributed with a standard deviation of 10%. If the true difference in the experimental and control means is 5%, we will need to study 85 experimental subjects and 85 control subjects to be able to reject the null hypothesis that the population means of the experimental and control groups are equal with probability (power) 0.9. The type I error probability associated with the test of this null hypothesis is 0.05. We expected a 10% patient loss (not evaluable), and therefore the study size was set at 94 for each group.
Nominal scale variables are shown with their frequency distribution. Differences between the groups were analyzed using the Kruskall-Wallis test and Mann-Whitney U-test for continuous variables and the chi-square test for categorical variables. A P-value <0.05 was considered statistically significant. Statistical analysis was performed using the SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics
From July 2010 to October 2011, 22 patients participated in this trial (Table 1) . Ten were allocated to the propranolol group and 12 to the control group. The median age was 51 years (range, 39 to 62 years) and 47 years (range, 26 to 69 years), respectively. The majority of patients had a performance status of 0 to 1. The most common histology was serous carcinoma and there were three clear cell carcinomas, one borderline Hye-In Jang, et al. Perioperative propranolol in ovarian cancer serous tumor, and two tuberculosis cases. Median preoperative CA 125 level for the propranolol group and the control group was 877 (124 to 8,655) U/mL and 490 (142 to 19,522) U/mL, respectively. Of the 22 patients enrolled, two patients were suboptimally debulked and all the others were optimally debulked. All patients received first-line chemotherapy with taxane-and platinum-based regimens.
Tolerability
One hundred and six doses of propranolol were administered to 10 patients in the propranolol group. Of them, none required dose reduction because of hemodynamic instability. But two doses were skipped due to nausea.
Outcomes
Of the 22 patients enrolled in the study, 6 were excluded from the evaluation of the response analysis; these patients comprised three with clear cell carcinoma, 2 with tuberculosis, and 1 with borderline tumor. Patients with clear cell carcinoma were excluded because this cell type shows characteristics that are distinct from serous carcinoma.
The outcomes of the 16 patients evaluated are shown in Table 2 . The perioperative reduction of CA 125 was greater in the propranolol group than in the control group (Table 2, Fig. 2 ). The reduction of CA 125 between preoperative day 1 and postoperative day 7 was 83.1±8.9% and 72.4±14.7% in the propranolol and control groups, respectively (P=0.04). The change of CA 125 between baseline and postopera- tive day (POD) 3 was also statistically significant (78.8±9.6% and 57.9±17.5%, respectively, P=0.01). The mean value of CA 125 throughout the period of adjuvant chemotherapy is depicted in Fig. 3 . As shown, the CA 125 level of each group was not different between chemotherapy cycle 2 to the end of chemotherapy. For the laboratory evaluation of the stress response, we checked cortisol and C-reactive protein on preoperative day 1 and postoperative day 3 ( Table 2 ). The perioperative change of the parameter was not different between the groups (P=0.95 and P=0.13, respectively). Similarly, the questionnaire for the evaluation of perioperative anxiety was done on preoperative day 1 and postoperative day 3. And the results did not show any significant difference between the groups (P=0.79) ( Table  2 ).
Disease-free survival
With a median follow-up of 17 months (range, 3 to 32 months), the disease-free survival between the two groups was not different (Supplemental Fig. 2) .
Discussion
To the best of our knowledge, this study is the first to directly Hye-In Jang, et al. Perioperative propranolol in ovarian cancer test the role of perioperative propranolol on tumor growth. The perioperative (7 day period) reduction of CA 125 was greater in patients treated with propranolol for 6 days. However, the differences disappeared 1 month following surgery. However, this result is particularly important because even with a small sample size and short-term use of propranolol, there was a significant effect as shown by CA 125. This report can be an opportunity to open a discussion on the efficacy of beta blockers. In support of this study, our previous metaanalysis showed that beta blockers had a greater positive impact on patients treated with surgery than patients not treated with surgery (data not yet published). According to the study protocol, patients were treated with propranolol (or placebo) before surgery (2 days before surgery) and after surgery (3 days following surgery). During the study period, we decided to revise the protocol to one in which propranolol was used up to the end of chemotherapy. This decision was made because the interim analysis showed that the effect of short term propranolol (6 days) did not persist long enough to potentially enhance survival. Here we report the preliminary results of the short term use of propranolol.
In this study, the change in CA 125 was used as a surrogate marker of the tumor burden. In ovarian cancer, serial estimation of CA 125 is fairly reliable in terms of the course of the tumor and the CA 125 half time is well correlated with tumor halving time [13] . In individual patients, the reduction or increase in tumor volume correlated with the corresponding CA 125 values during chemotherapy in 85% (12 out of 14) of the patients. Mean CA 125 halving time was 44.1 days, which correlated with tumor halving time.
There are two clinical trials investigating the role of beta blockers in cancer recurrence and progression in patients with breast (NCT00502684) and colorectal (NCT 00888797) cancer undergoing surgery with curative intent. In regards to ovarian cancer, there are two phase II trials that are being conducted (NCT01308944 sponsored by Washington University and NCT01504126 sponsored by M.D. Anderson Cancer Center). In both ongoing trials, propranolol is being used to the end of chemotherapy treatment, which influenced us to revise our protocol.
As shown in our study, the brief perioperative period can be disproportionately critical for tumor growth, and hence, present an opportunity for effective intervention. Surgical excision of the primary tumor has been suspected to facilitate the progression of preexisting micrometastasis. With regard to the mechanisms involved, unavoidable damage to the tissue during surgery has been shown: (1) to increase shedding of tumor cells into the blood [5] ; (2) to naturally increase levels of growth factors that also act to facilitate the growth of minimal residual disease [14] ; and (3) to decrease systemic levels of antiangiogenic factors (e.g., endostatin) due to the removal of the primary tumor that induced their release [15] . And the mechanisms for these changes may be through the increase in catecholamines; they are known to act directly on malignant cells, activating several processes that are critical for tumor metastatic activity, including tumor cell proliferation [16, 17] , extracellular matrix invasion capacity [16] , resistance to apoptosis [18] [19] [20] , and secretion of proangiogenic factors [21] [22] [23] .
In addition to the role of catecholamine in these mechanisms, propranolol can be also advantageous because it is safe, accessible, and inexpensive. Beta blockers are commonly used in the treatment of cardiovascular conditions and abnormal stress responses, including social phobia and panic attacks. In addition, beta blocker, which can induce controlled hypotension, has been used to reduce bleeding and the need for blood transfusions, and provide a satisfactory bloodless surgical field [24] . Anxiety, which causes an outpouring of catecholamines, has been effectively treated with beta-adrenergic blocking drugs [25, 26] . Therefore, propranolol has been used to reduce perioperative anxiety and surgical tremor. Propranolol, 40 mg, administered to residents performing ocular microsurgery 1 hour prior to surgery, significantly decreased tremor and anxiety in the surgeons without untoward effects to the surgeon or the patient [27] .
This study has several limitations. Firstly, all patients of the propranolol group were optimally debulked and showed higher preoperative CA 125 level than that of control group.
We cannot exclude the possibility that these two factors affect the greater reduction of CA 125 level in propranolol group. Secondly, this study did not show a significant improvement of disease-free survival in propranolol group which is clinically important. Even though, there are several studies suggest that the early drop of CA 125 level is an independent prognostic factor for survival in patients with epithelial ovarian cancer [28] [29] [30] .
In conclusion, although it is a preliminary and premature result, propranolol decreased CA 125 effectively during the perioperative period. Although the effect did not persist long
